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(54) NAME OF INVENTION : 
Image Forming Device 

(57) ABSTRACT 
PURPOSE: 

The purpose of this invention is to obtain a high quality image by reducing the deviation amount of 
a dot with respect to a reference line as well as the step difference between dots at a division 
point, and by correcting a color drift on a color image. 

CONSTITUTION : 

This image forming device comprises: a storage means memorizing plural continuing lines of 
image signals; an identification signal generating means dividing a main scanning direction into 
plural blocks and generating identification signals to distinct each block; a selection-synthesizing 
means outputting image signals, after selecting and synthesizing data read from the storage 
means in accordance with identification signals; a control means driving a laser writing means by 
image signals from the selection-synthesizing means. 
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PATENT CLAIM 



CLAIM ITEM 1 : 

An image forming device which proceeds as described next. Writing lasers, reflected by a laser 
writing means on a photoreceptor, form an electrostatic latent image on a corresponding 
photoreceptor. Therewith a corresponding electrostatic latent image is developed by a developing 
means and this developed image is transcribed on a transcription medium. 

This image forming device is characterized by: a storage means memorizing plural continuing 
lines of image signals; an identification signal generating means dividing a main scanning 
direction into plural blocks and generating identification signals to distinct each block; a selection- 
synthesizing means outputting image signals, after selecting and synthesizing data read from the 
storage means in accordance with identification signals; a control means driving a laser writing 
means by image signals from the selection-synthesizing means. 

CLAIM ITEM 2 : 

In Claim Item 1, the laser writing means is characterized by a light source part which provides 
plural laser beams. 

CLAIM ITEM 3: 

In Claim Item 1, the laser writing means is characterized by an array-like device. 

DETAIL ACCOUNT OF INVENTION 
0001 

INDUSTRIAL APPLICATION FIELD : 

This invention involves an image forming device which conducts laser writing on a photoreceptor 
by laser writing means such as a laser diode (LD) and a LED array and projects image by an 
electrophotographic process. 

0002 

CONVENTIONAL TECHNOLOGY 

In these years, a laser printer as an image forming device is becoming more and more important 
as an output device in office automation equipment. Such a printer should also print in color. 

Diagram 14 shows an example of a color laser printer. First, four photoreceptor 1a, 1b, 1c, 1d are 
placed horizontally in determined intervals. Around these, photoreceptors 1a, 1b, 1c, 1d, 
electrification chargers 2a, 2b, 2c, 2d, laser beam optical systems 3a, 3b, 3c,' 3d! developing 
devices by toners of different colors (black, yellow, magenta, cyan) 4a, 4b, 4c, 4d t transcription 
chargers 5a, 5b, 5c, 5d, cleaning devices 6a, 6b, 6c, 6d etc. are arranged in accordance with 
electrophotographic process. 

0003 

Here is a description of laser beam optical systems, taking laser beam optical system 3a for 
example. For photoreceptor 1a, laser beam 7a, which is modulated by a color image signal, is 
emanated from laser light source 8a (including collimate lens and all). Laser beam 7a is then 
irradiated on one of the reflective surfaces of a rotating polygon mirror 10a which rotation is 
activated by drive motor 9a. With this rotation, laser beam 7a is slanted and scanned. After this 
laser beam 7a gets through a f0 lens 1 1a, it is reflected by the first and second mirror 12a and 
13a. Finally, laser beam 7a is irradiated on photoreceptor 1a through the dust control glass. 

Because the photoreceptor is electrified by electrification charger 2a, an electrostatic latent image 
is formed by irradiation of the laser beam 7a. Then this electrostatic latent image is developed 
with toner of the appropriate color (for example black) in the developing means 4a. This process 
of image forming can take place at the same time in laser beam optical systems 3b, 3c, 3d for the 
other photoreceptor 1b, 1c, 1d. The whole procedure is hence applied to subscripts b, c, d. 

For one color image to be achieved, transfer belt 16 is set up in transcribed area of photoreceptor 
1a, 1b, 1c, 1d and then transfer paper 18, which is fed by paper feeding means, is transferred 



towards to photoreceptor in order 1a t 1b t 1c, 1d by the transfer belt 16. Visible images with each 
color on each photoreceptor 1a, 1b, 1c, 1d are transcribed sequentially by actions of transfer 
charger 5a, 5b, 5c, 5d. Transfer paper 18 gets through fixation device and is then discharged by 
delivery roller 20. 

0004 

Diagram 15 is an oblique perspective figure of the main part of the laser beam optical system. On 
this diagram, laser beam optical system 3d is shown as an example but the other laser beam 
optical systems 3a, 3b, 3c have the same structure. And 21d is a scan line formed by laser beam 
7a on photoreceptor 1d. 

0005 

Diagram 16 is a block diagram of laser writing system using laser beams in the laser printer 
above. In accordance with the diagram, the following is an brief description about a signal 
processing in corresponding writing systems. 

Because it is necessary to align dot phases exactly between each scan line in a laser writing 
system, such a system has to detect the positions of beams and has to determine the timing of 
writing start. In clock generation circuit 22, Clock signal CLK coordinates the phase with 
corresponding beam detecting pulse SPD, which detects the positions of beams. Then clock 
signal CLK is input in main scan counter 23, and a dot address is determined (each dot address 
sets a writing start point on address 0). In accordance with this dot address, main scan sequence 
circuit 24 determines scan sequence (administration of data in a line, for example, effective area 
set-up). The main scan sequence circuit 24 controls timing within one scan line and outputs 
SYNC (line synchronization signal) and LGATE (image effective area signal). 

0006 

At the same time, image data D is transferred from a line to receive driver 25 and is written in line 
buffer 27 with corresponding clock at data synchronous circuit 26. Besides, XCLK is an image 
clock given to the laser writing system from outside (for example, image processor) and line buffer 
27 absorbs a difference of frequency between XCLK and CLK (the frequency is generated from 
inside). In line buffer 27, a line data, which is synchronized via date synchronous circuit, is read 
and is given to LD driver 29. In LD driver 29, LD (laser diode) is modulated in accordance with this 
image data. Thus latent image is formed on photoreceptor. 

Such a laser printer needs an adjustment for overiapping (alignment) of color images on transfer 
paper 18. It is because relative displacements (color drift) cause inferior quality image printing 
through modification or bleeding of colors. 
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Diagram 17 shows sub scanning direction (transfer paper transfer direction) on transfer paper 18. 
To simplify the description, it is described by overiapping images using image 30a (equivalent of 
one line) from laser beam optical system 3a, and image 30d (equivalent of one line) from laser 
beam optical system 3d. Both images are in the main scan direction (laser beam scan direction). 

Diagram 17 (a) shows that images 30a and 30d are overlapped without color displacement. The 
same diagram (b) shows that image 30d is out of alignment parallel to the sub scanning direction 
against image 30a. The same diagram (c) shows that image 30d inclines to image 30a. The same 
diagram (d) shows a distortion of image 30d against image 30a. These are the three kinds of 
color drift of sub scanning direction. 
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In the case of diagram 17 (b) r as shown on diagram 18, it is possible to adjust the color drift by 
rotating second mirror 13d towards the direction shown on the diagram, therefore laser beam 7d 
changes its scanning position towards photoreceptor 1d. In the case of diagram 17 (c), it is 
possible to adjust color drift, by rotating the second mirror 13d towards the direction shown on 
diagram 19, or by changing the rotation axis (main scan direction) of photoreceptor 1d and the 
inclination of the scan line (by laser beam 7d) as shown on diagram 20. 

In the case of image 30d shown on diagram 17 (d), a color drift is caused by a distortion of scan 
line 21 (by laser beam 7d) towards photoreceptor 1d as shown on diagram 21. This distortion of 
scan line 21 is caused by a deviation of a bus line in f9 lens 1 1d or by discord between the axis of 
lens in laser beam 7d and a bus line in f6 lens 1 1d. Those causes cannot be cleared by the 
adjustment of inclination with second mirror 13d or with photoreceptor 1d. 

0009 

Thus the conditions such as the ones illustrated on diagram 17 (b) and (c) can be fixed by the 
adjustment of the inclination of second mirror 13d or by the adjustment of photoreceptor 1d. But 
the condition (distortion) of diagram 17 (d) cannot be adjusted. Therefore, as mentioned before, 
there is a risk that color print quality becomes inferior because of color modification or color drift. 
A problem of inferior quality image printing, caused by the distortion described above, can also 
occur with a monochromatic laser printer. There is the same problem as the above when using an 
image forming device which applies LED array as a laser writing means because a distortion of 
scan line is caused by a linearity distortion of LED alignment on LED array. 

0010 

There is a technique disclosed in official gazette No. 01-241444, which is described as a device 
for correcting image distortion in laser printers. Here is a description, with a diagram,, of this 
technique. Diagram 13 is a zoomed pattern diagram of scan dot line having a distortion in an 
image. Scan dot line formed on a photoreceptor, for example, each dot on n-th line, which is 
marked by hatching, on reference line L (straight line), is distorted as shown on the diagram. In 
this case, the distortion of sub scanning direction against the reference line is equivalent of one 
dot in the center of the dot line, and equivalent of one dot at both ends in opposite direction from 
the center. The distortion amount of the scanning line is equivalent of two dots. 

To correct distortions described above, a scanning area is divided into plural blocks in the main 
scanning direction. For example, it is divided into five blocks A, B, C t D, E in the case of diagram 
12. In blocks A, E, scanning dot on the (n+1)-th line is the closest to reference line L, in blocks B, 
D, scanning dot on the n-th line is the closest to reference line L, In blocks C, scanning dot on the 
(n-1)-th line is the closest to the reference line. 

0011 

The modulation of laser beam is executed on: the (n+1)-th line with the original n-th line image 
signal in A and E blocks; the n-th line with the original n-th line image signal in B and D blocks; the 
(n-1 )-th line with the original n-th line image signal in C block. 

In other words, the modulations of laser beam in the n-th line are executed: with the original (n-1)- 
th line image signal in A and E blocks; with the original n-th line image signal in B and D blocks; 
with the original (n+1)-th line image signal in C block. 

That is to say, laser beams are modulated by rearranged image signals (as shown on diagram 14) 
from the original image signal (as shown on diagram 15). 

The line corrected by the technique above is shown by dots with hatching on diagram 12. It means 
that the distortion with respect to a reference line L is reduced to the maximum 1/2 dots up and 
down. 
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on the (n+1)-th line of the scan line 21di is the closest to reference line L; in blocks B, H, scanning 
dot on the (n+1 )-th line of the scan line 21 d2 is the closest to reference line L; in blocks C, G, 
scanning dot on the n-th line of the scan line 21di is the closest to reference line L; in blocks D, F, 
scanning dot on the n-th line of the scan line 21d2 is the closest to reference line L; in block E, 
scanning dot on the (n-1)-th line of the scan line 21di is the closest to reference line L. 

0018 

The modulation of LDi is executed in the (n+1)-th line with the original n-th line image signal in A 
and I blocks, the modulation of LD2 is executed in the (n+1)-th line with the original n-th line image 
signal in B and H blocks, and the modulation of LDi is executed in the n-th line with the original n- 
th line image signal in C and G blocks. The modulation of LD2 is executed in the n-th line with the 
original n-th line image signal in D and F blocks, and the modulation of LDi is executed in the (n- 
1)-th line with the original n-th line image signal in an E block. 

That is to say, the modulation of each LD (LDi and LD2) is achieved by the rearranged image 
signals (as shown on diagrams 6 and 7) from the original image signal (as shown on diagram 5). 

The corrected line, by the technique described above, is configured by dots (shown with hatching) 
on diagram 4. The deviation with respect to reference line is reduced less than when using the 
technique described previously and the maximum deviation becomes 1/4 dot up and down. In 
addition, the step difference between dots at the division point becomes 1/2 dots. 

0019 

In the next part, an example of a circuit is shown by using diagram 8. The circuit rearranges 
original image signals to the sub scanning line, synthesizes a new image signal output for each 
line, and modulates each LD. 

The basic circuitry in the diagram is: memory lines FIFO (1) to (3) using a FIFO memory group 30; 
a logic gate group 31 (G(1) to G(7)) to synchronize reading data from corresponding FIFO (1) to 
(3); ROM 32 to set up a division of the main scanning direction and to generate selection signals 
S1 to S7 for reading data. 

Original image signal Vdo is input into FIFO (1) and is stored by corresponding writing clock. At 
the same time, in accordance with reading clock, reading data Vi is written in the next step of 
FIFO (1 ) and is given to the logic gate (2). In the same way of a correspondence of reading clock, 
reading data V2 is written in the next step of FIFO (3) and is given to the logic gate G (3) and G 
(6). Reading data V3 from FIFO (3) is given to the logic gate G (4) and G (7). Blank data for 
blocks without doing modulation of each LD is given to the logic gate G (1) and G (5). All actions 
above are run by a line unit. In correspondence of synchronization signal LSYN, each line of 
image signals are passed along FIFO (1) to FIFO (2) to FIFO (3). Each line like this is controlled 
by line synchronizing signal LSYNC and image clock (They are not shown on the diagram). 
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In the structure above, when the reading data Vi is the image signal on (n+1)-th line, V2 is the 
image signal on n-th line and V3 is the image signal on (n-1)-th line. For the address of ROM 32, 
dot address DA is given to fix on each dot address in a line. The selection signal S1 to S7, as a 
reading data in correspondence of address DA, fixes on dividing method of a main scanning line, 
for example, the signals in one line are generated with a timing as shown on diagram 9 and are 
given to the each logic gate G (1) to G (7) via gate driver 33. On diagram 9, LSYNC and LGATE 
are the line synchronizing signal and the image effective area set point signal. Generating timing 
of selection signals S1 to S7 can be freely setup by ROM data and can be easily changed. Thus, 
the different shifts can be corrected appropriately by setting ROM data for each optical system. 



Diagram 9 is an example of generating timing of selection signals S1 to S7 at the moment of 
correction (cf. diagrams 2 and 4). 

0021 

Below is a description of image signals Vdi and Vd2, which modulate each LD with the according * 
timing for each block, where the timing is as illustrated on diagram 9. 

The first is the image signal Vdi modulating LDi. When a timing corresponds with blocks A and I, 
the gate G (4) stays ON when S4 is ON, then the original data of (n-1) line (V3) appears as image 
signal Vdi. When a timing corresponds with blocks C and G, the gate G (3) stays ON when S3 is 
ON, then the original data of n line (V2) appears as image signal Vdi. When a timing corresponds 
with block E, the gate G (2) stays ON when S2 is ON, then the original data of (n+1) line (Vi) 
appears as image signal Vdi. When a timing corresponds with blocks B, D, F and H, the gate G 
(1) stays ON when S1 is ON, then the blank data (Vo) appears as image signal Vdi. 

0022 

The next description is about the image signal Vd2 modulating LD2. When a timing corresponds 
with blocks B and H, the gate G (7) stays ON when S7 is ON, then the original data of (n-1) line 
(V3) appears as image signal Vd2. When a timing corresponds with blocks D and F, the gate G (6) 
stays ON when S6 is ON, then the original data of n line (V2) appears as image signal Vd2. When 
a timing corresponds with blocks A, C, E, G and I, the gate G (5) stays ON when S5 is ON, then 
the blank data (Vo) appears as image signal Vd2. 

Each image signal Vdi and Vd2 is delivered to a laser driver and converted into a modulation 
signal in order to modulate each laser diode. When there is a shift (bend) as shown on diagram 2, 
the shift in an image can be corrected (as shown on diagram 4) by rearrangement of the image 
data as described above. 

0023 

As described above, because selection signals S1 to S7 control the arrangement of image 
signals, it is possible to react to different image distortions in each laser beam optical system and 
in each device by setting the timing of generating S1 to S7 by ROM data. And because the 
division of a main scanning direction can be freely setup, by using the same hardware, it is also 
possible to rearrange not only the quadratic curve formed shift but also an S-curve or a more 
complex formed distortion. For generating selection signals S1 to S7, a simple random logic can 
be used instead of a ROM table. Additionally, a regular RAM can be used as a line memory 
instead of a FIFO memory (in this case address management by dot address is required). 

0024 

An example of a rearrangement by two laser beams has been described in this embodiment. In 
this case, the correction unit of recorded distortion is 1/2 dot, the deviation with respect to a 
reference line is 1/4 dot, and the step difference at the division point is 1/2 dot. Thus the correction 
unit of recorded distortion becomes smaller when the number of laser beams is increased. 
Therefore it is possible to reduce the deviation with respect to a reference line and the step 
difference at the division point. In the embodiment above, LD array has been described as a light 
source generating plural laser beams, but it can also be a structure of several laser beams, which 
are: generated from different light sources; synthesized with a prism, etc.; and irradiated into a 
polarizer. 

This invention can apply to both monochromatic and color printers. For a color printer, it can be 
possible to correct the distortion of images and color drift. This invention can be also applied to a 
LED printer using LED array as a light writing means. 
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As described above, when this invention is applied to a laser printer, the correction unit of 
recorded distortion can be reduced less than one dot by using plural laser beams and rearranging 
images. Thus the distortion with respect to a reference line and the step difference at the division 
point are reduced and it is possible to achieve a high quality image printing. 

When this invention is applied to a LED printer, the same effect as described above is achieved ' 
by generating a LED array with rearranged image data in accordance with the forms of distortion 
even if when the distortion is on the scan line of LED array. 
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BRIEF DESCRIPTION OF DIAGRAMS : 

Diagram 1: An oblique perspective figure of laser beam optical system on one of the embodiment 
of this invention. 

Diagram 2: An illustration about physical relationship of scan lines on an image. 
Diagram 3: A pattern diagram showing a scan region divided into multiple blocks. 
Diagram 4: A pattern diagram showing a rearranged line marked by a hatching. 
Diagram 5: An illustration of an original image signal. 
Diagram 6: Ah illustration of a modulating image signal by the first laser beam. 
Diagram 7: An illustration of a modulating image signal by the second laser beam. 
Diagram 8: A block diagram of an example about LD modulating circuit. 
Diagram 9: A timing chart of Diagram 8. 

Diagram 10: A pattern diagram of a dot line with distortion correction by the conventional 
technique. 

Diagram 1 1 : A pattern diagram of a distorted dot line. 

Diagram 12: An Illustration showing an arrangement of image signals with respect to diagram 10. 

Diagram 13: An Illustration showing an arrangement of image signals with respect to diagram 11. 

Diagram 14: An illustration about a structure of laser printer. 

Diagram 15: An oblique perspective figure of prevailing laser beam optical system. 

Diagram 16: A block diagram of the laser writing system of Diagram 15. 

Diagram 17: A pattern diagram describing a color drift. 

Diagram 18: An Illustration showing a technique to correct a color drift of Diagram 17 (b). 
Diagram 19: An Illustration showing a technique to correct a color drift of Diagram 17 (c). 
Diagram 20: An Illustration showing another technique to correct a color drift of Diagram 17 (c). 
Diagram 21:An Illustration showing a color drift of Diagram 17 (d) with respect to a scan line on a 
photoreceptor. 

SIGNIFICATION OF CODES 
1 : Photoreceptor 
8 : Laser light source 

30 : FIFO memory group 

31 : Logic gate group 

32 : ROM 
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With the conventional technique above, correction of the distortion is recorded in dot units. As 
shown on diagram 10, the deviation amount with respect to a reference line is, at the maximum, 
1/2 dot And also, the step difference of the dot at the division point (a, b, d. e) is one dot. The 
step distortion of dots could not be reduced to less than one dot, therefore it did not fill the 
demand for high quality image printing. 

0013 

The purpose of this invention is to offer an image forming system in order to obtain a high quality 
image by reducing the deviation amount of a dot with respect to a reference line as well as the 
step difference between dots at a division point, and by correcting a color drift on a color image. 
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MEANS FOR RESOLUTION : 

The purpose above is achieved by an image forming device which has the following procedure: 
writing lasers, reflected by a laser writing means on a photoreceptor, form an electrostatic latent 
image on a corresponding photoreceptor; therewith a corresponding electrostatic latent image is 
developed by a developing means and this developed image is transcribed on a transcription 
medium. 

The image forming device is characterized by: a storage means memorizing plural continuing 
lines of image signals; an identification signal generating means dividing a main scanning 
direction into plural blocks and generating identification signals to distinct each block; a selection- 
synthesizing means outputting image signals, after selecting and synthesizing data read from the 
storage means in accordance with identification signals; a control means driving a laser writing 
means by image signals from the selection-synthesizing means. 

When this image forming device is the laser printer, the laser writing means is a light source part 
which contains plural laser beams. When this image forming device is the LED printer, the laser 
writing means is a LED array. 

0015 

PROCESS : 

A laser writing means is activated by image signals, which are synthesized with the selected 
reading data from the storage means, in accordance with identification signals in the main 
scanning direction. In this case, a laser printer outputs different image signals by plural laser 
beams from one light source. And in the case of a LED printer, LED array is activated. 

0016 

EMBODIMENT : 

Below is a description of embodiment in accordance with a diagram. Diagram 1 shows a laser 
beam optical system involving the embodiment. 8d is a laser light source including LD array in a 
light source and a collimate lens. LD array owns LDi and LD2. Two laser beams are emitted from 
LD array. 21di, 21d2 are scan lines corresponding with each LD. 

Diagram 2 shows a physical relationship of scan lines. Continuous lines indicate scan lines of LDi 
and dashed lines indicate scan lines of LD2. When the distance between dots assumes d, the 
distance between the scan line 21di (by LDi), and 21d2 (by LD2) is 1/2 d. That is, scan line 21d2 
interpolates into scan line 21di. The next is a description of a correction when the distortion of 
scan lines is 2 dots. 

0017 

To correct the distortion as mentioned above, in this example, a scanning area is divided into nine 
blocks A to I in the main scanning direction (as shown on diagram 3). In blocks A, I, scanning dot 



